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 7.1 Conclusions 
 The thesis has addressed the problem of controlling the thermal emissivities from 
metal/polymer composites. Emphasis is given on finding a proper nano-metal/polymer 
composite which will exhibit a much lower emittance as compared to its host polymer. 
Several routes of synthesis of these composites have been presented. The properties are 
characterized in view of finding the structure-property correlation where-ever possible. 
Thus the thesis presents the investigation of the thermal emissive properties and possible 
reasons and mechanisms behind these.  
Six different methods which were employed to prepare the composite films 
include solution casting, in situ chemical synthesis, gamma irradiation, ion irradiation, 
UV irradiation and Pulsed Laser Deposition (PLD). Results of the total work are 
presented in six different chapters which are classified on the basis of the the method of 
synthesis. A comprehensive conclusion of the work is presented in the following section. 
1) Solution casting was found to be simple and useful technique. Aluminium is used 
as filler and polystyrene as polymer matrix. Aluminium in two different sizes: 
micro and nano form and three shapes. The emissivity is lowered by increasing 
the percent inclusion of coarse grains and flakes as of Al whereas no significant 
change has been observed in case of nano-Al composites. Dielectric constant has 
been evaluated from the measured values of emissivity by using Fresnel relation. 
Discrepancy occurs between the dielectric constants experimentally measured and 
those calculated from the Fresnel relation. The interfacial polarization is set to be 
responsible for this. 
Ag/PVA composites have been prepared by in situ chemical method by 
varying the concentration of Ag and the processing temperature. Emissivity was 
found to decrease as the concentration of Ag was increased.  These fillers 
exhibited very high dielectric constant at low frequencies but decayed to medium 
values at high frequency. Since the high frequency dielectric constant is 
responsible for the low thermal emissivity, the composite was not found to exhibit 
low emissivity. At higher concentration of Ag the emissivity is seen to increase. 
2) In chemical synthesis methods discussed in chapters 4 and 5, there was no 
guarantee that the metal particles get uniformly dispersed into the surface layer to 
 be effective since the emissivity is the surface phenomenon. Hence radiation 
assisted diffusion of metal particles was used and found to be suitable method to 
make the desired composites. Composites of P/PI have been prepared by γ-
radiation induced diffusion process. Emissivity was found to have decreased with 
increasing dose of irradiation. The dielectric constant showed increasing behavior. 
A semi empirical two layer model has been established to correlate the emissivity 
with dielectric constant and found to be suitable. Infrared spectral analysis also 
supported the results. Other morphological and structural analysis has also been 
carried out for this system. 
A thin Al layer has been deposited on two polymers, PTFE and PMMA. 
Swift heavy ions of Ag with 150 MeV energy, have been used for diffusion of 
deposited Al into the polymers. Composite was formed by ion induced diffusion 
and mixing. Emissivity and dielectric constants were also studied for these 
structures. The semi empirical model was found to be applicable even in this case. 
Due to inclusion of small metal particles, vibrational motions of polymer chains 
are seen to be hindered as confirmed by analyzing the IR spectra. This is one of 
the supporting mechanisms in discussing the role of nano metal particles in 
lowering the emissivity. 
Ag nanoparticles have been prepared in PVA matrices by UV irradiation 
method. The formation of nanoparticles were confirmed by SEM, EDXA and 
UV-VIS spectra. The reduction in the absorption peak in IR spectra were 
correlated to the presence of Ag nano particles in PVA; causing hurdles for the 
vibrations, which again supported the above mechanism. 
3) Pulsed Laser Deposition (PLD) is one of the suitable techniques to deposit ZnO 
on polyimide. The non-stoichiometry has been created by controlling the laser 
density. Zn rich ZnO films were deposited and the non stoichiometry has been 
confirmed by EDXA measurements. The thermal emissivities of these films were 
correlated with the electrical resistivities of the surfaces. Values of emissivities 
were also estimated theoretically by using Hagen-Rubens model. The 
discrepancies between the experimentally observed results with those evaluated 
 by the above model was expected to arise form the graded resistivities of ZnO/PI 
composite surfaces.  
 
7.2 Future scope 
 The results reported in this thesis are encouraging and points out towards the 
future prospects. The complexity of the phenomenon of thermal emission properties, 
makes the subject very difficult for predicting the possible structure property correlations. 
However the thesis has pointed out several possible phenomenological issues which are 
responsible in controlling the emission properties of composites. Nano-metal particles, if 
present at molecular levels, at the surface can reduce the emission. High electron 
concentration (1018 – 1019 cm-3), high dielectric constants like 20-40 for the emitting 
surface are thought to be few attractive features. A self assembly of nano-metal particles 
with surfactants may also be useful in controlling the surface conductivity. 
 Apart from the composites, multilayer depositions with high dielectric constant 
and high electronic concentration may turn to be useful.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
